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Abstract 


A detailed description of a reference section of the Toolonga Calcilutite within the type area, lower 
Murchison River valley, Western Australia is presented. An 18.5 m section of white Inoceramus 
calcarenite, sandy calcilutite and greenish calcilutite, comprising three easily identifiable lithostratigra- 
phicunits, 1,5 km west of the type section at latitude 2735'54"S longitude 114712/42"E was selected for 
study. The stratigraphic distribution of benthonic macrofauna, and 98 foraminiferal and 6 calcareous 
nannoplankton species is documented. Analysis of the faunal characteristics shows that the Toolonga 
Calcilutite was deposited in warm temperate, normal-salinity ocean waters of outer neritic to upper 
bathyal depths. The reference section encompasses the Heterohelix papula through Globotruncana arca 
planktonic foraminifera zones and the Reinhardtites anthophorus through Aspidolithus parcus calcareous 
nannoplankton zones indicating that the Toolonga Calcilutite is early Santonian to early Campanian in 


the type area. 


Introduction 


The Toolonga Calcilutite is the oldest Cretaceous chalk 
unit recorded in the onshore Carnarvon Basin and in- 
cludes Santonian and Campanian strata. The formation is 
exposed in the Murchison River area, where it forms the 
upper unit of the Cretaceous succession (Clarke and 
Teichert 1948), and in the Hamelin Pool and Giralia 
Anticlineareas where it is overlain by younger Cretaceous 
units (Hocking et al. 1987). An equivalent of the Toolonga 
Calcilutite, the Gingin Chalk, is recognized in the Perth 
Basin to the south of the study area (Feldtmann 1963, 
Playford et al. 1976, Rankin 1987). 


This paper provides a detailed description of the 
lithostratigraphy, biostratigraphy and age of the 
Toolonga Calcilutite in the type area, lower Murchison 
River valley, and in particular records the distribution of 
foraminiferal faunas and age diagnostic calcareous nanno- 
plankton encountered in closely spaced samples from a 
continuously exposed section of the Toolonga Calcilutite. 


Clarke and Teichert (1948) named and described the 
"Toolonga Chalk’ and ‘Second Gully Shale’ in the Mur- 
chison House Station area. Later mapping by Johnstone et 
al. (1958) showed that the ‘Second Gully Shale’ could not 
be recognized consistentlv in the type area so both 
formations were placed together and named the Toolonga 
Calcilutite. The type section of the Toolonga Calcilutite 
was designated by Johnstone et al. (1958) based on their 
mapping of the southern Carnarvon Basin for West 
Australian Petroleum. The location of the type section is 
recorded on a series of aerial photographs used in the 
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mapping and now held at the Geological Survey of 
Western Australia. The type section consists of a 26m 
(85ft) thick succession of cream chalk and greenish calcilu- 
tite (Johnstone ef al. 1958, Condon 1968 and Hocking c! al. 
1987). In the early literature there has been some confu- 
sion in the cited latitude and longitude positions of the 
type section and of nearby landmarks, This was clarified 
by Hocking et al. (1987) who positioned the type section 
location at latitude 2736'00"S longitude 114 13:40“Е, 2 km 
north northeast of Yalthoo Spring as shown here on 
Figures 1 and 2. 


During field mapping and sampling for this study the 
area near Thirindine Point containing the type section was 
searched for suitable sections but slumping and weather- 
ing had obscured some of the outcrop here. A continuous 
section of the Toolonga Calcilutite was found ap- 
proximately 1.5 km west of the type section locality. This 
reference section lies at latitude 2735548 longitude 
114°12’42”E, [Grid Reference 245441] as marked on the 
Gantheaume 1:100 000 topographic sheet (Edition 1) 
(Figure 1, 2) and represents the most complete section in 
the type area at the time of study. This study is based on 


the reference section. 


Methods 


Thirty eight samples were selected for grain-size distri- 
bution. Each sample was dried, weighed and wet-sieved 
through a 63 m sieve and the 63-2 000 um fraction dried 
and weighed. To determine impurities, a composite 
sample of material from differing levels of the section, was 
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placed in dilute hydrochloric acid (2 wt. %) to remove “То record planktonic foraminifera in the section, thirty- 
carbonate. Supernatant liquid was periodically replaced eight samples, collected at 50 cm intervals from the base i 
with fresh acid until effervescence ceased. The insoluble the section, were wet-sieved, dried and the 63-2000 km 
residue was filtered, washed to remove CaCl,, dried and fraction examined. Abundances of planktonic foramini- 
weighed. Analysis showed it to be a K, Na, Mg, Ca, Al, Fe eral taxa were visually estimated because infraspecies 
silicate and therefore probably glauconitic clay, morphological variation made the quantitative abun- 
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Figure 1 Aerial photograph of the lower Murchison River area showing the position of the reference section 
(enlargement of Photo. 5077 AJANA Run 11 [5043-5080] reproduced with permission of the Department of Lands 
Administration). 
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dance determination of some forms difficult. Thirteen of 
the samples were chosen at about two metre intervals to 
rovide a record of the benthonic foraminifera. The 
150-2000 um fraction of these samples were systemati- 
cally picked and the numbers of specimen from each 
benthonic taxon was counted. 


To provide additional age control in the section, strew 
slides containing abundant calcareous nannoplankton 
also were prepared from fresh material taken from the 
same levels as those systematically studied for foraminif- 
era. 


Lithostratigraphy 


In the type area, the Toolonga Calcilutite disconforma- 
bly overlies the Alinga Formation (Figure 2). Clarke and 
Teichert (1948) and Johnstone e! al. (1958) placed the 
contact at the abrupt change in lithology from green 
glauconitic sandstone and siltstone to cream-coloured 
chalk where a thin but extensive layer of ovoid phosphatic 
nodules, which range from 3-10 cm in diameter, is present 
(Figure 3). The phosphatic nodule layer indicates very low 
sedimentation rates or an erosive event (Ames 1959, 
Kennedy and Garrison 1975, Kennett 1982) and suggests a 
disconformity between the underlying Alinga Formation 
and the Toolonga Calcilutite. Copp (1987) suggested that 
the Alinga Formation may extend into the Middle 
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Turonian or younger in the type area based on the 
presence of biostratigraphically-useful calcareous nanno- 
plankton recorded from the top of the Alinga Greensand, 
which indicates that the disconformity may range from 
Late Turonian to Early Santonian. The top of the Toolonga 
Calcilutite is covered by soil and calcrete and no contact 
with younger units is seen in the study area. The section is 
composed of three conformable lithostratigraphic units 
(Figure 3) which are distinctive in outcrop due to differing 
induration, colour and composition as described below. 
Units 1 & 2 may represent the "Toolonga Chalk'; and Unit 
3, the 'Second Gully Shale' of Clarke and Teichert (1948). 


Unit 1. This disconformably overlies the Alinga Forma- 
tion, is 50 em thick and consists of fine-grained, glauco- 
nitic sand and white calcilutite. The glauconitic grains, 
0.1-0.5 mm in diameter, have undulose irregular outlines 
indicating an authigenic origin. Some grains are globular 
which may indicate that they formed within foraminiferal 
tests. These contrast with the glauconite particles of the 
underlying Alinga Formation which are well rounded, 
apparently from being continually reworked and rolled 
along the bottom. Fish teeth are common in the lowest 
part of the unit. They are composed of insoluble phos- 
phatic material (mainly apatite) and therefore would be 
concentrated by early selective dissolution of the nanno- 
plankton / foraminiferal ooze on the seafloor. 
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Unit 2. Conformably overlying Unit 1 is 8 m of white 
calcilutite and Inoceramus calcarenite characterized by an 
abundance and diversity of macrofossils. Fragments of 
Inoceramus are common as discontinuous bands 1-95 cm 
thick or as single randomly orientated specimens. Calcite 
prisms derived from the breakdown of Inoceramus are 
common constituents of the calcilutite and compose more 
than 50% of the 63-2 000 um fraction іп many of the 
samples. Individual peaks of sand-sized material seen in 
Unit 2 (Figure 3) correlate with Ioceramus rich horizons. 
Light yellow-brown phosphatic nodules, ] cm in diame- 
ter, are present in three laterally extensive horizons 1 m, 
2.9 m and 8.5 m above the phosphatic nodule horizon 
marking the Alinga Formation-Toolonga Calcilutite con- 
tact. 


Unit 3. Conformably overlying Unit 2 is a 10 m section 
of marly greenish calcilutite. Unit 3 differs from Unit 2 in 
being less indurated. The greenish appearance of Unit 3 
arises from the high proportion of glauconitic clay within 
the calcilutite. It is covered by weathered calcilutite and 
soil, and appears homogeneous due to intense bioturba- 
tion (which has obscured many of the smaller-scale 
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features of bedding) and the lack ot large ltem. 
fragments common to Unit 2. Calcite prisms derived irom 
Inoceramus are rare in the first 2 m of Unit 3 and are absent 
above this level. A single, laterally extensive bed of cher 
nodules occurs 7.5 m above the Unit 2-Unit 3 boundary 
The nodules are generally small and ovoid, although rare 
specimens are tabulate and up to 20 cm across, Cher 
nodules form more than one horizon in other exposures of 
the upper unit of the Toolonga Calcilutite within the ares 
When broken, the nodules consist of alternating light and 
dark brown layers of chert and minor inclusions «i 
silicified chalk. 


Chert nodules form by the early diagenetic replacement 
of carbonate by opaline silica below the sediment surface, 
and their shape depends on the morphology of the : 
oxic-anoxic mixing zone (Clayton 1983, Maliva and Sieve: 
1988). Because burrows alter the homogeneity of the 
sediment and the shape of the mixing zone, chert nodul« 
are likely to develop within burrow forins (Bromley and 
Ekdale 1983, Clayton 1983, Felder 1983). Chert nodules 
the type area are generally digitate or tabulate. Digitale 
nodules are cylindrical, up to 50 cm long and 10 cmin 


Comments 


Outcrop covered by soil and travertine 


Poor outcrop 


calcilutite covering fresh material. 
Large tabulate chert nodules 


Indurated horizon. 15cm thick. 
Indurated horizon. 40cm thick. 


Intensely bioturbated giving outcrop a mottled 
appearance. 

Indurated horizon. 20cm thick. 

Light yellow-brown phosphatic nodules, 1 an in 


diameter marking the change from white, sandy 
calcilutite to greenish clayey calcilutits. 


Indurated horizon. 55am thick. 


Indurated horizon. 35cm thick. 


] Bed rich in /noceramus fragments. 95am thick 


Indurated horizon. 10 cm thick. 
Light yellow-brown phosphatic nodules, 1 em in 
diameter 


Indurated horizon. 10 cm thick. 
Light yellow-brown phosphatic nodules, 1 ania 
diameter 


Ovoid iron-stained, phosphatic nodules, 
3-10cm in diameter 

Alinga Formation 

(Dark green, glauconitic sand and clay) 
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Figure 3 Lithostratigraphy of the reference section, Toolonga Calcilutite. 
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diameter, and tend to be perpendicular to bedding and 
appear to mimic other features seen in the Toolonga 
Calilutite which are thought to have formed by the 
burrowing activites of irregular echinoids. Tabulate nod- 
ules are about 3 cm thick, up to 20 cm across, generally 
oval shaped, parallel to bedding, and are commonly 
associated with indurated horizons which may have 
restricted the oxic-anoxic mixing zone along the plane of 
bedding creating favourable conditions for the formation 
of chert nodules. Digitate nodules occur mainly in heavily 
bioturbated horizons where burrows would tend to 
channel the mixing zone into other horizons. 


Although indurated horizons are common in both Unit 
2 and Unit 3 (weathering to reddish-yellow layers, 10- 
53 ст thick, across the outcrop at about 2m intervals), 
there is no evidence that these were hardgrounds similar 
to those described in English chalks by Bromley (1967), 
Hancock (1975), Kennedy and Garrison (1975), Scholle 
(1977) and Jarvis (1980). The lack of animal borings, 
scouring, phosphatization or encrustation by sessile or- 
ganisms associated with the indurated beds indicates that 
theindurated horizons were not exposed on the seafloor 
atany time. 


Dissolution of the Toolonga Calcilutite is minor, with 
the exception of Unit 1 which is heavily affected and is 
most apparent in the foraminiferal assemblage which 
includes mainly robust, thicker-walled rotaliids and ag- 
glutinated foraminiferal tests. Keeled planktonic foram- 
inifera are affected by dissolution in the lower half of the 
section (Units 1 and 2), and the thin-walled portion of 
many tests is absent. Samples which show most dissolu- 
бол contain abundant Inoceramus prisms and other mol- 
lusc fragments. Ostracods generally do not appear to be 
much affected by dissolution. In Unit 3, surfical solution 
ofthe chalk has produced small pits infilled with insoluble 
dayey material similar to pits described by Scholle (1977) 
in the European chalks. 


Biostratigraphy 


Macrofossils are common at all localities of the 
Teolonga Calcilutite in the Murchison River area. Faunal 
clements identified by the author with assistance from Dr 
K McNamara and Mr. G. Kendrick of the Western 
Australian Museum are the serpulid worm Serpula fluctu- 
ал Sowerby; brachiopods Trigonosemus acanthodes Eth- 
eridge, Magasella cretacea Etheridge; bivalves Pycnodonta 
singmensis Etheridge, Inoceramus sp., Ostrea sp.; crinoids 
Marsupites testudinarius (Schlotheim), Marsupites sp., Uin- 
facrinus sp. A number of trace fossils, cidaroid echinoid 
spines and barnacles were recorded from the reference 
section but have not been identified to generic level. 


Inoceranms occurs as (a) solitary, randomly orientated 
fragments or (b) 1-95 cm thick, laterally discontinuous 
horizons which appear to be lag deposits created by 
localized current activity as evidenced by their horizontal 
alignment and sorting. Entire valves are very rare and 
only two specimens were found in the type area. The 
| larger Inoceramus clasts are confined to Unit 2, and only 

microscopic fragments and prisms are present in the 
lowest few metres of Unit 3. No fragments of Inoceramus 
- were found in Unit 1. 


| Ossicles of the crinoid Uintacrinus are common in the 
lower half of the section where they form a clearly defined 
| zone 25m-5.5m above the base of the section. No 
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calicular plates identified as Uintacrinus were found in 
any of the exposures in the area. Marsmpites calicular 
plates were found in sections throughout the area and 
form two distinct groups according to their size, ornamen- 
tation and distribution. The smaller, smooth form appears 
sporadically below the Uintacriuus zone and could not be 
identified to species level. The larger form, having radial 
striations on the upper surface, was tentatively identified 
as Marsupites testudinarins (Schlotheim) and occurs only 
above the Llintacrinus zone. Clarke and Teichert (1948) 
reported two species of Marsupites from the Toolonga 
Calcilutite in the Murchison River area: a smaller form 
resembling Marsupites testudinarins (Schlotheim) and a 
considerably larger, smooth, second type of plate. No 
specimens of this second form were found. 


The oyster Pycuodouta ginginensis Etheridge is found 
throughout the section, most commonly as solitary speci- 
mens with an inflated dorsal valve, orientated parallel to 
bedding. Very rare, immature specimens were found 
attached to Inoceramus fragments. 


Bioturbation is common throughout the section and 
three burrow forms are present. The first form is cylindri- 
cal, 1-2 cm in diameter, infilled with coarse-grained sedi- 
ment. These burrows extend for 2-10cm across the 
outcrop and are generally sub-parallel to the bedding. 
Their morphology indicates that they may have been 
formed by irregular echinoids. The second burrow form is 
common throughout the section, and consists of randomly 
oriented, cylindrical burrows about 1 cm in diameter 
which can be traced for 10-60 cm. The third burrow form 
is common in the upper part of the section and in the 
topmost 30 cm of the Alinga Formation It forms a 
branching meshwork of burrows, 1-2 mm in diameter and 
1-5 cm long. All three forms appear to have be created by 
deposit feeding organisms. 


Other macrofossils (such as the serpulid worm Serpula 
fluctuata Sowerby, brachiopods Тғісолоѕетнѕ acanthodes 
Etheridge, Magasella cretacea Etheridge, and the bivalve 
Ostrea sp.) appear to be randomly distributed within the 
section. 


The section contains an abundant and diverse assem- 
blage of generally well-preserved foraminifera. Plank- 
tonic foraminifera dominate the succession, with the 
exception of the lowest sample, and form 33-74% of the 
systematically-picked assemblages. The percentage of 
planktonic foraminifera rapidly rises from less than 1% in 
the lowest sample to about 65% 4.5 m above the base of 
the section. The abundance of planktonic foraminifera 
remains near this level until 14.5 m above the base, then 
gradually declines to 40% in the uppermost sample. The 
Globotruncanacea, Planomalinacea and Rotaliporacea are 
the dominant planktonic superfamilies; the Heteroheli- 
cacea are less common. The stratigraphic distribution of 
planktonic foraminiferal species is shown in Figure 4 and 
'Table 1. Most of the forms are wide-ranging but notable 
exceptions are Heterohelix papula (Belford) and Hastigeri- 
noides simplex (Morrow) which only occur in the first few 
metres of the section; Globotruncana fornicata (Plummer) 
ranges from 3.5-6.0 m and Globotruncana arca (Cushman) 
which ranges from 7.5-18.5 m. Another short ranging 
form, Globotruncana sp. (5.0-7.5 m) appears to be transi- 
tional between G. fornicata (Plummer) and G.arca (Cush- 
man) but further work is required to examine any 


evolutionary trend. 
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Benthonic foraminifera are also abundant and diverse — has concentrated foraminifers with more robust tests, 
in the section. The stratigraphic distribution of benthonic  rotaliids comprise 77% of the assemblage. Other orders 
foraminifera is shown in Table 2. The Order Rotaliida contribute less than 20% of the total assemblage. 
(Haynes 1981) dominates the assemblage at all levels with 
abundances ranging from 10-25% of the total assemblage. It can be seen from the stratigraphic distribution of 
Excluding the lowest sample where selective dissolution — benthonic foraminifera (Table 2) that some forms abound 


8 Е 

N 2 

i] (e E x 

e Ло чз 23 

S ЭЕ S ч 9 5 Ф 

2 P; 5298: TER 

5 Ф 2 € & $ xS 

= < 2 as 8 2 23 9 

1 S -3 © 3 ag 

9 Е в S a 2a Es 58 o8 

ө 2 RE E e CENE 8554 

S38 885 8 92 $t 52558 

ss: 5 $ 5 5555 S 8-5 А 
328 Е зз 15248 13122 Planktonic 
GGG o 22 I [uU 405243  Microfossil 


AGE 


Zones 


Globotruncana arca 
CAMPANIAN 


Aspidolithus parcus 


Thickness above base (m) 
-- Globotruncana sp. 


Reinhardtites anthophorus 
e m amaaa : 
Marthastentes furcatus 


Globotruncana fornicata 


Pseudotextulana plummerae 
.cayeuxi C.obscurus 


Heterohelix papula 
SANTONIAN 


x 
o 
a 
E 
v 
[^7 
Ф 
m 
Tu 
Ф 
Bo.) 
= 
[7] 
uj 
i 
* 


Figure 4 Stratigraphic distribution of planktonic foraminifera and biostratigraphically useful calcareous nannoplar- 
ton, and age assignment of the reference section. Positions of samples used in this study are shown (BPN—benthori 


foraminifera, planktonic foraminifera and calcareous nannoplankton; P—planktonic foraminifera) and inferred specie: 
transitions indicated (6-9). 
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Stratigraphic distribution of planktonic foraminifera in the reference section, Toolonga Calcilutite. Species are list 
superfamilies as defined by Loeblich and Tappan (1988). The abundance of each van is expressed A rare (R) uy 
(С), abundant (А) in a systematic pick or present x in a selective pick only. á 


Ш АА—————————————————————————_———_—————___ 


UNIT 1 UNIT 2 UNIT 3 

0.0 0.5 2.0 35 5.0 6.0 aS) 85 10.5 12.5 14.5 16.5 18.5 
——M TOMTOM RRR 
HETEROHELICACEA 
Heterohelix globulosa (e R R R R R R R R R R 
Heterohelix moremani R R R R R R C Є R R (е 
Heterohelix papula Е К 
PLANOMALINACEA 
Clotigerinelloides alvarezi R R-C x x R x R-C R-C R-C R 
Hastigerinondes simplex x 
ROTALIPORACEA 
Costellagerina balbosa R-C R-C R-C R x x R R R R 
Hedbergella sp. ай. Н. planispira x (Є. К R R A е C е R R R 
Whiteinella paradubia х С R-C R-C c R x x R R R 
GLOBOTRUNCANACEA 
Arccoglobigerina cretacea x x x R R R x x x R 
Globotruncana sp. R x 
Globotruncana arca R R R R R R 
Globotruncana bulloides R-C R-C R-C -C (2 R R R x х х x 
Glototrumcana fornicata x R-C x 
Globotruncana linneiana R A A A (E R-C R R-C R (2 R R R 
Glebetruncama ventricosa ER R R R-C R R R x x x 


within the reference section and have similar distribution ^ nannoplankton examined from the reference section are: 
patterns. These distribution patterns fall into three rough Aspidolitlus parcus (Stradner), Calculites obscurus Deflan- 
categories. The first group has abundances which are dre, Lucianorhabdus cayeuxi Deflandre, Marthasterites furca- 
greatest in the lowest parts of the section (Unit 1) and tus (Deflandre), Micula concava (Stradner) and Rein- 
include Anomalinoides undulatus Belford, Clavulinoides tri- — hardtites anthophorus (Deflandre). Their stratigraphic dis- 
fitus Belford, Gaudryiua sp. cf. G. laevigata Franke and tribution is shown on Figure 4. 
jotoplanulina sp. Globorotalites mnicheliniana (d'Orbigny), 
Gyroidinoides noda (Belford), Lingilogavelinella insculpta 
(Belford), Marssonella охусопа (Reuss), Osangularia sp., 
Vernewilina parri Cushman and Pyraimidina szajnochae 
(Gryzbowskii) form the second group which have the 
greatest abundance in the middle of the section (Unit 2). 
The third is those forms which are most abundant within A Santonian age for the Toolonga Calcilutite was 
the upper half of the section (Unit 3) Auomalinoides ^ inferred by Clarke and Teichert (1948) from the presence 
erikdalensis (Brotzen), Dorothia bulleta (Carsey), Epoitides of the pelagic crinoids Lliutacrinus and Marsupites. Inte- 
алта. Brotzen, Eponides diversus Belford, Goésella grated planktonic foraminifera and calcareous nanno- 
ckaymani Cushman, Pullenia cretacea Cushman, Spiroplec- plankton biostratigraphy has resulted in a detailed age 
fammina gryzbowskii Frizzell, Spiroplectammina paula determination for the Toolonga Calcilutite in the type area 
Belford, (Figure 4). Planktonic oram лега dud calcareous bia 
—Á й А : lankton identified within the reference section enables 
И Е bupon described aboye eenn application of the unpublished zonation of Rexilius (1981; 
deposited under со НА em "m төс em Ere Figure 5 herein). The calcareous nannoplankton zonation 
slightly depleted in dissolved oxygen as mied by the Toon doy M a a ve шэн мий Харш ны 
lot ; А to include the Reithardtites anthopliorus zone, Catcwites 
de MN rents et ons and thed ын td obscurus zone and Calculites ovalis zone of Sissingh (1977). 
Botter 1986), The level of dissolved ox ies MT th The base of the Toolonga Calcilutite contains the ester 
during deposition of Unit 2 as shown D i P und 5 graphically important planktonic foraminifera Heteroheltx 
y the abundance | papula (Belford), which Rexilius (1984) used as a zonal 


A list of foraminifera and calcareous nannoplankton 
identified from the reference section is given in Appendix 
il 


Age assignment 


and diversity of calcareous macrofossils. Other differ- Г : : : and 
si ini , index for his Heterohelix рарша zone (early Santonian) anc 
шаг foraminiferal assemblages may be related to ‘the calcareous nannoplankton Reithardtites anthophorus 

Ш" (Deflandre) and Micula concava (Stradner) he used as the 


Calcareous nannoplankton abound throughout the ref- zonal index species for the Reinhardtites antliopliorus zone 
erence section. Only the stratigraphic БУ iinition ofthose (early Santonian). Rexilius (1984) used the first MI 
calcareous nannoplankton essential for age determination ance of Rugoglobigeriua rugosa (Plummer) as the atum 
is recorded (Figure 4), although the total assemblage marking the base of his Rugoglobigerina Be Se ae 
probably consists of up to 60 species. The calcareous (middle Campanian). The absence of R. rugosa (Plummer 
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Table 2 


Stratigraphic distribution of benthonic foraminifera in the reference section, Toolonga Calcilutite. Species are listed b 
superfamily as defined by Loeblich and Tappan (1988) and expressed as a percentage of the total benthon 
foraminiferal assemblage. Stratigraphic thickness is given in metres above base of the Toolonga Calcilutite. 


Н 
UNIT 1 UNIT 2 UNIT 3 


0.0 0.5 2.0 35 5.0 6.0 7.5 8.5 10.5 12.5 145 165 185 


AMMODISCACEA 

Amnmodiscus cretacea ai x 3 2 = E E 2 ái 5 = х 
Glomospirella sp. ? E 5: 2 g D E х 8 gs РЗ х 
RZEHAKINACEA 

Silicosigmoilina sp. E 1 5 E 5 ёс as x x x x 


LITUOLIDACEA 

Haplophragmeides sp. cf. H. kirki 1 x 
Amnmobaculites sp. A а & E T és 2 2 di z 
Ammobaculites sp. В x x x x x 5 E X х х 
SPIROPLECTAMMINACEA 


Spireplectammina grzybowskii 5 2 х 5 х 5 2 E 2 
Spiroplectanmmina laevis 2 2 > 5 5 х х Х 3 
Spiroplectammina pauh 2 5 = 2 2 2 = 5 x 


VERNEUILINACEA 


Gaudryina sp. cf. G. laevigata 
Spiroplectinata compressiuscula 


x: 


Q3 C3 D 
x 
Q 
жээ. 


11 6 


Neo 
= 

х 

х 


Verneuilina parri z n x 1 X x 5 3 8) 2 18 х 
TEXTULARIACEA 

Clavulinoides trifidus 2 6 x = 5 23 
Dorothia bulleta 2 x 5 х 4 2 z X 9 5 
Goesella chapmani e x 1 1 х х х 4 3 5 4 4 5 
Marssonella oxycona 6 10 20 14 6 4 7 x 16 8 6 x 2 
MILIOLACEA 

Spiroloculina cretacea " 2 т С 3 T x x 2 2 х 
NODOSARIACEA 

Astacolus sp. A = E 55 5 5 х х Ч т 5 3 
Astacolus sp. B 2 2 E s - E S a 5 x 

Berthelinopsis sp. 2 = x E x E E E Т 

Bullapora laevis m o 5 $ а m 5 х х 

Citharina geisendorferi m 5 х Ё 
Citharina multicostata = x x $ 

Citharina suturalis Т 2 х 2 2 = 2 x ж * 5 s 
Dentalina admodicosta » 2 i E 2 2 х х 5 С 2 X х 
Dentalina marcki x x - » 
Frondiculnria costulifera - 2 Ч E 2 2 3 2 5 2 5 2 
Frondicularia disjuncta T 6 x d $ 2 E 2 ч 7 x Е 
Frondicularia mucronata 1 x й 2 т 

Frondicularia раа от 2 z - 1 2 x S - 
Frondicularia verneniliana M 2 * 22 * x x x 

Frondicularia teuria 2 2 х T 2 2: х х 

Globulina sp. " x * S 2 5 E 
Laevidentalina cylindroides = 2 х d 2 a x x 5 х x 
Lacvidentalina gracilis A 2 s T 2 5 х z x a m 2 x 
Laevideutalina luma S = х 2 2 E x X 2 х х 

Laevidentalina sp. 1 A x 1 = х 5 х 5 2 x 

Lagena hexagoua = 

Lagena sp. 5 2 a 3 Б 

Leuticulia macrodiscus Ч x 1 2 2 

Lenticulina rotulata 2 " 3 x x x 3 3 x ` 
Lenticulina sublobatus 2 i qi 1 2 ЭН 7 

Lenticulina sp. 3 3 3 2 2 3 x x x x 
Marginulina sp. - 0 x 4 - 

Neoflabellina praereticulata 2 2 2 z Е х х х х ` 
Neoflabellina rugosa - à x 2 2 x x - 
Nodosaria affinis 20 5 X 2. 2 5 * 5 i c E s - 
Nodosaria limbata Ё A 4 х х х 2 a x А 2 a x 
Nodosaria obscura il x 2 5 

Nodosaria prismatica 2 Е х 1 3 2 - 
Palmula pilulata » = E 1 2 х 5 
Planularia sp. 6 3 . E 
Pyrulina sp. E Е 5 " 5 = т х х 5 х 2 - 
Ramulina aculeata 2 x 1 v: $ x х 2 х X x 
Ranulina pseudoaculeata E x i 1 2 x 3 5 & x 7 4 х 
Saracenaria sp. 2 x 3 E х x ёс ж 2 m - 
ширийг eS —— гт i i åy 
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Table 2—continued 


Stratigraphic distribution of benthonic foraminifera in the reference section, Toolonga Calcilutite. Species are listed b 
superfamily as defined by Loeblich and Tappan (1988) and expressed as a percentage of 17 total on 
foraminiferal assemblage. Stratigraphic thickness is given in metres above base of the Toolonga Calcilutite. 


Сална 00 M ————————————————— ————— € 


UNIT 1 UNIT 2 UNIT 3 
SS — m :-121-1-0Ш22-1 
0.0 0.5 2.0 3:5 5.0 6.0 7.9 8.5 10.5 125 14.5 16.5 18.5 


BOLIVINACEA 


Bolivinoides strigillatus S 5 2 E Э 2 х х 

LOXOSTOMATACEA 

Loxostonnum sp. cf. L. eleyi 5 2 5 1 2 X xX x x x 

EQUVIGERINACEA 

Eouvigerina sp. cf. E, americana E 2 2 2 5 5 х х х 2 3 х х 
Eowvigerma gracilis i 1 X 2 2 e х x x X x 2 2 
PLEUROSTOMELLACEA 

Ellipsoelandulina sp. Е có a 2 ci ac га 2 5 х х 

Ellipsoidella binaria 1 x 1 & 5 2 0 х х х 

Ellipsoidelta solida 1 x x x x 

TURRILINACEA 

Praebulimia reussi 5 = 2 z 2 х х х X R x x x 
Pyramidina szajnochae 7 38 1 12 х 2 11 26 9 X 

DISCORBACEA 

Eponides concinna x 10 11 4 7 7 x 6 9 9 16 7 25 
Eponides diversus 1 S ЕЕ 4 - 12 ss 2 х 7 7 8 
PLANORBULINACEA 

Canrentaria conica to á о Е 2 - d x i x x x 

Carntaria globosa z 5 " 2 di 2 9 E x x х 

Cibicides excavata 2 ms & - 2 x x 3 X x 

Cibicides ribbingi 5 2 a 55 5 2 - х х 

Cibicides sp. a 5 2 E b. Ё X x x 

ASTERIGERINACEA 

Nuttallinella coronnta 5 2 2 2 " 2: X x X 

NONIONACEA 

Pullenia eretacea 2 il ic 25 3 2 х 4 2 6 5 7 4 
CHILOSTOMELLACEA 

Anomalinoides erikdalensis 6 1 1 13 31 4 х 15 19 28 29 32 30 
Anomalinoides undulatus 46 8 2 4 7 X A - 2 E ef Ё 
Globorotatites micheliniana х x x Е 15 х А ^ T 2 z 
Cyrodinonies noda 2 9 17 15 8 16 18 18 15 x 7 9 6 
Ungulogavelinella insculpta 5 2 5 s 11 46 11 16 x 17 14 7 5 
Lingulogavelinella sp. - 2 s а х 2 x = $ 2 2 ее 2 
Notoplanulina sp. 15 22 26 1 » 2 PS 2 es В 25 х 

Osangularia sp. S 2 Е x a 6 29 2 15 7 к Е 
Quadrimorphina allomorphinoides — .. & 2 5 x S x 5 х х х 

Stensiogina truncata x 6 2 = x 

Unidentified 1 x x x 


in the section suggests that the youngest possible age for composition of the faunal assemblage, including taxa such 
the section is within the Globotruncana arca. zone (early as Stensioeina and Bolivinoides (foraminifera), Inoceramus 
Campanian). The presence of Marthasterites furcatus (De- (pelecypod) and trace fossils which are typical of soft 
flandre) in the highest sample taken from the reference bottom conditions (Reid 1962). An estimation of the rate of 
section indicates that the section can be no younger than deposition can be made by correlation of the calcareous 
the Aspidolithus parcus zone (early Campanian). nannoplankton and planktonic foraminiferal biostratigra- 

phy with the time scales given in Haq ef al. (1987), 

although these correlations are subject to error given the 


Rate of sediment accumulation number of direct comparisons available. The inferred rate 

The substrate was probably a thick planktonic foram- of sedimentation, assuming a post-depositional compac- 
iniferal / calcareous nannoplankton ooze by analogy to tion factor of 10% (estimated for European chalks by 
modern calcareous oozes. The oyster, Pycnodonte ginginen- Scholle 1977) increases up the section and is calculated for 
sis Etheridge, normally an encrusting taxon, may have each calcareous nannoplankton zone. The base of the 
adapted to reclining in the soft substrate by the develop- ^ Reinhardtites anthophorus zone was not recognized but the 


ment of inflated valves. Other evidence includes the zone is assumed to be complete giving a depositional rate 
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of 28 cm/million years. The Lucianorhabdus cayeuxi zone Characteristics of the foraminiferal assemblage also 
was recognized from 2-3.5m in the reference section were used for bathymetric determinations. The use of 
giving a depositional rate of 83-220 cm/million years. The Cenozoic benthonic foraminifera in delineating ba- 
Calculites obscurus zone was recognized from 3.5-5 m in thymetry has been extensively documented but there are 
the reference section giving a depositional rate of 110- few studies of pre-Cenozoic bathymetric zonation because 
220 cm/million years. The top of the Aspidolithus parcus the significance of taxa is uncertain, Bathymetric models 
zone was not recognized but the zone is assumed to be at the generic and species level for the Cretaceous are 
complete giving a depositional rate of 990-1 100 cm/ based on the homeomorphic comparison of Cretaceous 
million years. Hiatuses may be recorded in the reference and recent forms. The known bathymetric trends of 
section as (a) layers of phosphatic nodules (Figure 3) Cretaceous species and genera were compared to the 
which Kennedy and Garrison (1975) and Kennett (1982) abundance groupings of benthonic foraminifera described 
state are formed during periods of low or negative inthis study to assist in the determination of bathymetric 
sedimentation or (b) Inoceramus rich horizons which may conditions. Benthonic foraminifera indicate that deposi- 
have formed as lag deposits. tion occurred in an epicontinental sea no shallower than 
ca. 100-200 m (outer neritic depths) and no deeper than a. 
200-500 m (upper bathyal depths). [It should be noted 
here that the terms outer neritic and upper bathyal are 

The presence of glauconite and phosphate within the used to describe a bathymetric range and should not be 
section can be used to infer bathymetry. Bromley (1967) confused with outer shelf and upper slope conditions 
states that warm shallow water between 30 m and 300 m because the Toolonga Calcilutite was deposited on a 
is particularly favourable for phosphate formation. Glau-  flat-lying epi-continental marine plain.] At the commence 
conite accumulates in modern oceans between 75 and ment of deposition, upper bathyal conditions prevailed. A 
500 m, and mostly between 100 and 200 m (Odin and decline in depth to outer neritic conditions, as shown by 
Stephen 1982). the foraminiferal assemblage, occurred about 6.0 m above 


Planktonic Foraminifera Calcareous Nannoplankton 


Rugoglobigerina 
rugosa 


Bathymetry 


Ceratolithoides 
aculeus 


Rugoglobigerina 
rugosa 


Ceratolithoides 


à р <æ aculeus 
Calculites ovalis 


80.0 
80.5 


Globotruncana “4 Marthasterites 
arca int furcatus 
Globotruncana Aspidolithus 
82.0 arca a <q Aspicolilhus 
. parcus 
Calculites obscurus Calculi 
p a alculites 
83.5 Pseudotextularia obscurus 


plummerae 


Lucianorhabdus 
cayeuxi И 
855 Heterohelix яа Lucianorhabdus 
87.5 Heterohelix H astigerinoides «Миё concava, 
papula simplex H. anthophorus 


SANTONIAN CAMPANIAN 


EARLY LATE EARLY MIDDLE 


Figure 5 Planktonic foraminiferal and calcareous nannoplankton zonation used in this paper (after Rexilius 1984, pers. 


comm. 1988 and Sissingh 1977) with reference to radiometric dates given in Haq et al. (1987). ( -œ first appearance, 
< last appearance). 


110 


Journal of the Royal Society of Western Australia, 73 (4), 1991 


the base of the section, coinciding with a rapid increase in 
the rate of deposition. Depth of deposition increased to 
upper bathyal from 10.5-14.5 m and then gradually de- 
clined to outer neritic depths thereafter. Rescrictions on 
the depth of deposition are evident from a study of the 
tectonics of the area. The Tooloonga Calcilutite was 
deposited on а passive margin and therefore the depth of 
deposition was controlled by eustatic sea level rises, 
which were shown by Haq et al. (1987) to be in the range 
of 180-250 m for the Santonian-Campanian interval. 
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Appendix 


The following list of foraminiferal and calcareous nan- 
noplankton species present in the Toolonga Calcilutite is 
given in alphabetical order. The specimens listed here are 
housed in the Micropalaeontological Collection, Geology 
Department, University of Western Australia. 


Benthonic Foraminifera 


Atnmobaculites sp. A 

Ammobaculites sp. B 

Ammtadiscus cretacea (Reuss) 
Anomalinoides erikdalensis (Brotzen) 
Anomalinoides undulatus Belford 
Astacolus sp. A 

Astacolus sp. В 

Berthelitiopsis sp. 

Bolivinoides strigillatus (Chapman) 
Bullapora laevis (Sollas) 

Carpentaria conica (Belford) 
Carpentaria globosa (Belford) 
Cibicides sp. 

Cibicides excavata Brotzen 

Cibicides ribbingi Brotzen 

Citharina geiseudorferi (Franke) 
Citharina multicostata d'Orbigny 
Citharina suturalis (Cushman) 
Clavulinoides trifidus Belford 
Dentalina admodicostata Belford 
Deutalina marcki Reuss 

Dorothia bulleta (Carsey) 
Ellipsoglandulina sp. 

Ellipsoidella binaria Belford 
Ellipsoidella solida (Brotzen) 
Fouvigerina sp. cf. E. americana Cushman 
Eouvigerina gracilis Cushman 
Eponides concinna Brotzen 

Eponides diversus Belford 
Frondicularía costulifera Belford 
Frondicularia disjuncta Belford 
Frondicularia mucronata Reuss 
Froudicularia planifolium Chapman 
Froudicidaria teuria Finlay 
Frondicularia verneuiliara d'Orbigny 
Gaudryina sp. cf. G. laevigata Franke 
Globorotalites micheliniana (d'Orbigny) 
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Globulina sp. 

Glomospirella sp. 

Goesella chapmani Cushman 
Gyroidinvides noda (Belford) 
Haplophraginostes sp. cf. Н. kirki Wickenden 
Laevidentalitia sp. 

Laevidentalina cylindroides Reuss 
Laevidentalma gracilus (d'Orbigny) 
Laevidentalina hona Beltord 

Lagena sp. 

Lagena їехпцона (Williamson) 
Lenticulina sp. 

Lenticulina macrodiscus (Reuss} 
lenticulina rotulata Lamarck 
Leutieulina sublubatus (Reuss) 
Lingtdogavclinella sp. 
Lingulogavelinella insculpta (Belford) 
Loxostomtuiti eleyt (Cushman) 
Матта sp. 

Marssonellit oxycona (Reuss) 
Neoflabellina praeretictthita Hilterman 
Neoflabellina rugosa (d'Orbigny) 
Nodosaria uffinis Reuss 

Nodosaria limbata d'Orbigny 
Nodosaria obscura Reuss 
Notoplanulina sp. 

Nuttallinella coronula (Belford) 
Osangularn sp. 

Palinula piluluta Cushman 

Plauulari sp. 

Praebulitnma 1eussi (Morrow) 
Pullenia cretacea Cushman 
Pyramidina szajtiochae (Gryzbowskii) 
Pyrulina sp. 

Quadrimorphina allomorphinoides (Reuss) 
Rumulina aculeata (d'Orbigny) 
Ramulina psendoaculeata (Olsson) 
Saracenaria sp. 


Silicosigmoilitia sp. 

Sprroloctlina cretacea Reuss 
Spiroplectatmmnina gryzbowskii Frizzell 
Spiroplectammita laevis (Roemer) 
Spiroplectammina paula Belford 
Spiroplectinata compressiuscula (Chapman) 
Stensiveina truncata Belford 

Усгисцйша pirri Cushman 


Planktonic Foraminifera 


Archaeoglobigerina cretacea (d'Orbigny) 
Costellagerina hulbosa (Belford) 
Globigerinelloides alvarezi (Eternod Olvera) 
Globotruncana sp. 

Globotruncana arca (Cushman) 
Globotruncana bulloides Vogler 
Globotruncana fornicata (Plummer) 
Globotruncana linneiana (d'Orbigny) 
Globotruncana ventricosa White 
Hastigerinoides simplex (Morrow) 
Hedbergella sp. aff. H. plunismra (Tappan) 
Heterohelix slobulosa (Ehrenberg) 
Heterohelix moremani (Cushman) 
Heterohelix papilla (Belford) 

Whiteinella paradubia (Sigal) 


Calcareous Nannoplankton 


Aspidolithus parcus (Stradner) 
Calculites obscurus Deflandre 
Lucianorhabdus сауеихі Deflandre 
Marthasterites furcatus (Deflandre) 
Micitla concava (Stradner) 
Reitthardtites anthophorus (Deflandre) 


